Probe diagnostic has been carried out in a single element of a matrix source of negative hydrogen ions: a low-gas-pressure small-radius planar-coil inductively-driven discharge completed with a magnetic filter and a device for extraction of the negative ions. The results presented are for the axial profiles of the plasma parameters (electron density and temperature and plasma potential). A manner for ensuring conditions proper for the extraction of the negative ions has been looked for by varying the position of the magnetic filter and the bias of the first electrode of the extraction device. The results indicate that a formation of a potential well in front of the first electrode of the extraction device, as needed for the negative ion extraction, could be achieved by lowering the plasma potential by the magnetic filter and applying a bias of the first electrode of the extraction device higher than the plasma potential inside the discharge.
Introduction
One of the important applications of the negative hydrogen/deuterium ion sources is to the neutralbeam-injection plasma heating systems of the big fusion machines like ITER and DEMO. A direction toward the DEMO reactor is for a non-ceasiated source, an alternative of the caesiated two-chamber tandem-type ITER source [1] . This study on the matrix source [2] is in the trends regarding Cs-free sources of negative hydrogen ions.
The idea [2] for the matrix source (a matrix of small-radius tandem discharges, inductively driven by a planar coil, with a magnetic filter for each discharge and single aperture extraction from each of the discharges) is based on results for strong accumulation of volume-produced negative hydrogen ions (H) due to simultaneously acting nonlocal and local processes. The modelling of small-radius low-pressure inductively-driven discharges [3] [4] [5] [6] shows that the strong accumulation of the ions in the region of the maximum of the plasma potential is via their flux in the dc electric field. Experiments in small-scale arrangements of a two-chamber source driven by cylindrical [7] and planar [8, 9] coils show higher electronegativity and H density in the driver as well as formation of two maxima of the H density at the positions of the maxima of the dc potential in the discharge. Theoretical studies [10, 11] covering description of the three regions of the H sources -the driver, the magnetic filter region and the extraction, via the first electrode of the extraction grid -show the crucial role of its potential: the extracted current density suddenly increases when the potential of the first electrode of the extraction device approaches the plasma potential.
Bearing in mind the theoretical and experimental results in [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] this study gives a start of discharge diagnostics of a single element of the matrix source via probe measurements in a small-radius planarcoil driven discharge completed with a magnetic filter and an extraction device.
Experimental arrangements and techniques
The experimental set-up is schematically shown in Fig. 1 . With the extraction device (a single aperture three electrode system) inserted in the first chamber (a quartz tube with a radius of 2.25 cm and a length of 15 cm) of a two-chamber plasma source, the experimental arrangements represent a single element of the matrix source. The extraction device is positioned at 12 cm away from the coil and this is the position of its first electrode (the plasma electrode) which is in contact with the plasma. The plasma electrode is biased at different voltages (U PE ) with respect to a grounded reference electrode (copper bands attached to the inner surface of the quartz tube). The discharge is in hydrogen, inductively driven at 27 MHz by a 3.5-turn planar coil, positioned on the front wall of the first chamber. The probe measurements have been carried out by a movable -in the axial directionprobe. The magnetic filter, also movable in the axial direction, has a dipole configuration of its field with a maximum value of 70 G at its center (at the onaxis region).
The complete idea of the experiments in the single element of the matrix source is to show -by In the present study, as an initial step in this direction, only probe measurements have been performed. The results obtained are for the axial variation of the plasma parameters: electron temperature (T e ) and density (n e ) as well as plasma potential (U pl ). The electron temperature is obtained from the slope of the transition region of the probe characteristics, however, due to the presence of a weak magnetic field, the part close to the floating potential has been used. The electron density is determined from the ion saturation current of the probe characteristics, according to the ABR-theory [12] . The plasma potential is given by the "knee" in the semi-log plots of the probe characteristics.
The obtained results show the influence of the bias of the plasma electrode and of the axial position of the magnetic filter on the axial discharge structure in a single element of the matrix source.
Results and discussions
The axial profiles of the plasma parameters (T e , n e and U pl ) are obtained at gas pressure p = 6 mTorr (with a constant value of the gas flow of 1.5 sccm) and absorbed rf power P w = 200 W. The bias of the plasma electrode is varied in the range U PE = (0 -60) V. In the presentation of the results z = 0 is the position of the coil and z = 12 cm is the position of the plasma electrode. The position of the magnetic filter is varied from z MF = 3 cm to z MF = 11 cm.
Influence of the plasma electrode bias
The pure effect of the bias of the plasma electrode on the plasma parameters, obtained in the absence of a magnetic filter, is shown in Fig. 2 . The increase of U PE affects the entire axial profile of the plasma potential (Fig. 2(a) ) leading to a total increase of U pl , accompanied with reduction of the potential barrier (for H) in front of the plasma electrode and a reverse banding at U PE = 60 V. The electron temperature (Fig. 2(b) ) increases with the increase of U PE , mainly in front of the plasma electrode. However, the electron density (Fig. 2(c) ) is not too much affected by the bias of the plasma electrode. The axial profiles of n e drops approximately exponentially towards the plasma electrode for all values of U PE . The conclusion is that biasing the plasma electrode in the absence of a magnetic filter affects not only locally the plasma parameters but also their total profiles. 
Influence of the position of the magnetic filter
Involving the magnetic filter -at grounded plasma electrode (i.e. U PE = 0 V) -displays its pure effect on the discharge structure. The obtained results for the axial profiles of U pl , T e and n e , shown in Fig. 3 , are in agreement with former theoretical and experimental studies [13] [14] [15] : drop of U pl ( Fig. 3(a) ) and T e (Fig. 3(b) ) as well as formation of a maximum of n e (Fig. 3(c) ) in the filter region. Shifting the filter towards the plasma electrode shifts this pattern of the plasma parameters towards the plasma electrode.
Grounding the plasma electrode causes sharp drop to zero of the plasma potential over the last centimeter in front of the electrode. 
Magnetic filter and bias applied to the plasma electrode acting in a combination
The mutual effect of the magnetic filter and of the plasma electrode bias on the axial structure of the plasma parameters is shown in Figs. 4 and 5 .
At relatively low bias of the plasma electrode (U PE = 20V), the presence of the magnetic filter leads to lower values of U pl (Fig. 4(a) ) and T e (Fig. 4(b) ) than those without a filter, as already discussed as a pure effect of the filter field. The drop of U pl over the last centimeter before the plasma electrode decreases. Moreover, shifting the filter towards the plasma electrode leads to a sag in the axial profile of the potential in the vicinity of the plasma electrode and, thus, to lowering of the depth of the potential barrier there. A drop of the potential in the region close to the plasma electrode means that the negative ions would be cached inside the discharge. The lower values of the electron temperature behind the filter stay almost the same.
A bias of U PE = 60V applied to the plasma electrode causes drastic changes in the axial variation of U pl (Fig. 5(a) ): The axial profile of the plasma potential turns up in the last 1-2 cm in front of the extraction device. This means that the negative ions in this region could be extracted. Shifting the filter towards the plasma electrode does not affect the axial position of the reverse banding of U pl . However, the dc electric field changes. The strongest electric field formation is at positions of 3 cm (i.e. close to the coil) and 11 cm (i.e. close to the extraction device) of the magnetic filter: at these positions of the filter U pl has its lowest values inside the discharge. The increase of T e (Fig. 5(b) ) behind the magnetic filter is not monotonic. Regarding the local production of the ions in the region in front of the extraction, a position of the filter at 11 cm away from the coil (i.e., at 1 cm in front of the first electrode) is proper since it ensures lower value of the electron temperature there.
Shifting the filter towards the plasma electrode leads to an increase of n e in front of the extraction device (as at U PE = 20V (Fig. 4(c) ) but here it is in a larger scale). Thus, with a view to higher electronegativity and low electron density just in front of the extraction, a position of the filter at 3 cm away from the coil (i.e., at 9 cm away from the electrode) is proper since it ensures lower electron density (Fig. 5(c) ) (an order of magnitude lower) in front of the electrode. The results obtained when both a magnetic filter and a plasma electrode bias are present (Fig. 4 and Fig. 5) show that the behaviour of the plasma parameters in front of the plasma electrode results from complicated overlapping of effects of the magnetic filter and of the bias of the plasma electrode.
Conclusions
Employing probe diagnostics, the study aims at providing initial results for the influence of the magnetic filter and a plasma electrode bias on the axial variation of the plasma parameters (electron temperature and density as well as plasma potential) in a single element of a rf matrix source.
The experimental results confirm the predictions from the modelling [10, 11] : The proper -for the H extraction -axial profile of the plasma potential inside the discharge results from a combined action of the magnetic filter and of the potential applied to the first electrode of the extraction device.
With the increase of the potential of the first electrode of the extraction device, a potential well in front of it appears suddenly, at a bias exceeding the plasma potential inside the discharge. The latter ensures a dc electric field with the proper direction for the acceleration of the negative ions towards the extraction. In fact, because of the reduction of the plasma potential by the magnetic filter, a bias voltage, e.g., equal to the highest value of the potential without a magnetic filter ensures, in the presence of the magnetic filter, a well-formed potential well and, respectively, a strong dc electric filed.
Measurements of the negative hydrogen ion density will be the next step of the experiment.
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